Channel morphology in an alluvial river usually varies due to the altered flow and sediment regime from upstream damming. This paper reports an evaluation of the dynamical changes of sedimentation and erosion in the middle and lower reaches of the Yangtze River after operation of the Three Gorges Dam (TGD). Here, we present the results from a case study of the Shashi Reach in the middle Yangtze River, which is the first sandy-bed and meandering reach downstream of TGD. Databases were constructed using a digital elevation model of channel topography based on the 1:10,000 topographic maps from the 1980s to 2012 and hydrological records from 1956 to 2013. Results indicate that the erosion in the Shashi Reach was mainly confined to the deeper channel and that it has increased since the construction of the TGD. No significant changes were observed above the bank-full level, resulting in the decrease of the width-to-depth ratio. These changes may be principally caused by variations of the seasonal distribution of flow and sediment due to the operation of the dam. In addition, results show that the cross-sectional shape change of the channel is related to the relative erodibility of the channel bed and bank material.
INTRODUCTION

MATERIAL AND METHODS
Study area
The middle reaches of the Yangtze River stretch from Yichang to the confluence with Lake Poyang, covering a length of 950 km and a total drainage area of about 68 × 10 4 km 2 . Dongting Lake, its local tributaries, and the Han- Furthermore, the flood hazard has increased because of 
RESULTS
Changes in the hydrological conditions
The runoff and sediment load of the Shashi Reach predominantly come from the upper reaches. Based on data from the Shashi gauging station and on previous research In the pre-TGD period, the sediment budget shows that the Shashi Reach was subjected to significant erosion ( 
Cross-sectional changes
Changes observed in the three selected cross sections (S1-S3) show that the riverbanks were basically stable, but with an enlargement of the cross-sectional areas between the different periods (Figure 4(b) ). Significant down-cutting appeared in the troughs. For example, the down-cutting of the right-hand trough at S3 was about 10 m. For all three cross sections, accretion occurred on the mid-channel shoals (e.g., the accretion on the mid-channel shoal was about 3 m at S3). These changes show that erosion still occurred predominantly in the low-flow channel, whereas the area above the bank-full level saw almost no change.
The width-to-depth ratio (B 1/2 /h) provides further information on the changes in the river's cross-sectional shape, as shown in Figure 4 . This ratio shows a decreasing trend for all cross sections from 2002 to 2012. The value decreased by a larger amount where the initial width-todepth ratio was greater. For example, in the Sanba bar segment, the width-to-depth ratio was about 5.5 and the maximum decrement was about 1. In contrast, in some single segments, the width-to-depth ratio was about 2.4 and the maximum decrement was only 0.5. These results indicate that the overall change in the cross-sectional shape was from wide and shallow to narrow and deep, and that erosion was stronger where the initial width-todepth ratio was relatively large.
Along-river thalweg depth changes
Depth changes along the thalweg in the Shashi Reach This result stems from the relationship between the sediment carrying capacity of the river, the river flow, the According to Brandt's classification of geomorphological effects downstream of dams (Brandt ) , when the water discharge (especially the peak water discharge) decreases and the transported load is less than the flow's carrying capacity, cross-sectional changes downstream of dams are different. Channel capacity may be reduced and some degradation may occur; however, the cross-sectional shape of the channel would ultimately be determined by the relative erodibility of the channel bed and bank material.
In the Shashi Reach, the bank material is characterized by a double-layered structure, i.e., an upper cohesive soil (silt and clay) and a lower non-cohesive soil, where the thickness of the upper layer is greater than that of the lower layer. The channel bed material is sand and silty sand. In addition, traditional bank revetment construction on the reach used boulders and lumber to strengthen the delicate riverbank.
Thus, additional stress could be added to the riverbed, making it more vulnerable than the riverbank. This may explain, in part, why the width-to-depth ratio of each of the cross sections showed a decreasing trend. We found that the width-to-depth ratio in all the sample cross sections showed a decreasing trend related to the lower water discharge and a transported load that was less than the carrying capacity of the flow, although this ratio was ultimately determined by the relative erodibility of the channel bed and bank material. As the bank material is composed mainly of silt and clay, the bank revetment has made the riverbed more susceptible to erosion.
The implications of the analyses above are that the erosion predominantly occurred in the low-flow channel and that the decrement of the width-to-depth ratio will be maintained for longer periods because of the operating strategy of the dam, which will occur not only in the study area, but also in other reaches in the mid-lower Yangtze River. Eventually, a new channel equilibrium will develop dependent on a combination of bed scour and bank erosion that is likely to occur over many decades. A deeper understanding of the changes in the study area requires further monitoring and analysis to determine the extent and consequences of the TGD impact.
